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Abstract. We have analyzed the far UV-spectrum of the
globular cluster M79. We show that the nearly Gaussian
mass distribution of zero-age horizontal-branch stars, as
derived by Dixon et al. (1996), is able to reproduce the
far-UV Hopkins Utraviolet Telescope (HUT) spectrum, if
there is a luminous UV-bright star of about Teff = 9,500 K
within the HUT entrance slit, or, more likely, if the hor-
izontal branch morphology becomes considerably redder
in the core of M79, as observed in some other centrally
condensed globular clusters. Agreement between the syn-
thetic and observed far-UV spectra for M79 would also be
improved if the surface abundances of the heavy elements
in the hot horizontal-branch stars were enhanced by ra-
diative diffusion. Contrary to Dixon et al. (1996) we do
not need extremely low gravities to reproduce the width
of Ly α.
Key words: Globular clusters: individual: M79 – Stars:
horizontal-branch – Hertzsprung-Rusell (HR) and C-M di-
agrams – Stars: evolution – Ultraviolet: General – Ultra-
violet: stars
1. Introduction
Spectra of globular clusters, elliptical galaxies, and spiral-
galaxy bulges reveal an excess of ultraviolet flux (UVX),
indicating a hot stellar component in these old systems.
The source of the UV flux excess has been identified as hot
horizontal branch (HB) stars (Greggio & Renzini 1990;
Dorman et al. 1995; Yi et al. 1995). Now that this inter-
pretation of the UVX appears to be secure, the focus of
attention has shifted from simply detecting a UV flux ex-
cess in old stellar systems to using the observed UV flux
excess as a diagnostic to determine the morphology of the
underlying HB population. If the metallicity is known, one
can infer the mass distribution of the HB stars from the
HB morphology which, in turn, provides information on
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the amount of mass loss along the red giant branch (RGB)
in these old, and generally metal-rich, systems.
The observational goal then is to determine the
HB morphology from the integrated spectra. The far-
ultraviolet spectral region (1000 − 2000 A˚) is especially
helpful for this purpose in that it nicely isolates HB stars,
which are often among the hottest stars in an old stellar
system. Before the technique of far-UV spectroscopy can
be exploited however, several important questions must
be answered. Is the HB morphology derived from the inte-
grated far-UV spectrum unique? And, most importantly,
is it consistent with that given by the color-magnitude di-
agram (CMD)? These are the questions that we address
in this study.
Our approach in attempting to answer these questions
is to study a test case– the intermediate-metallicity globu-
lar cluster, M79. The far-UV spectrum of this cluster, ob-
tained by the Hopkins Ultraviolet Telescope (HUT) dur-
ing the Astro-1 space shuttle mission in December 1990,
shows a pronounced far-UV flux excess (Dixon et al. 1996,
hereafter DDDF). Because of its relative proximity [dis-
tance modulus (m - M) = 15.m45, Ferraro et al. 1992],
individual stars in this cluster can be resolved and the
UV-bright sources identified. Color-magnitude diagrams
of M79 constructed in the optical (Ferraro et al. 1992)
and ultra-violet (Hill et al. 1996) confirm that the cluster
has a very blue horizontal branch, and that most of the
far-UV flux (van Albada et al. 1981, DDDF) comes from
individual blue HB and post-HB stars.
After a thorough study, DDDF found that the ob-
served far-UV spectrum of M79 could not be reproduced
by summing the model spectra of the HB stars inferred
from the CMD. Their model that best fit the continu-
ous flux distribution produced too broad a profile of the
gravity-sensitive feature, Ly α. They therefore concluded
that ”it is not yet possible to combine the UV and optical
data to provide meaningful constraints on the HB mass
distributions in globular clusters.” DDDF speculated that
the source of the discrepancy lies not in the stellar evolu-
tionary models, but in the UV spectral synthesis, specif-
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ically, the treatment of line broadening of the HI Lyman
absorption lines. This discrepancy between the observed
HB morphology from the CMD and that inferred from
the far-UV spectrum is important because it raises doubts
about the use of population synthesis techniques to deter-
mine the properties of the hot population in other stellar
systems.
In this paper, we re-analyze the far-UV HUT spec-
trum of M79 using the most reliable modeling techniques
currently available. We begin in Sect. 2 with a discus-
sion of the observational data. As described in Sect. 3,
our analysis is based on new stellar evolutionary tracks
and high-resolution synthetic spectra computed with the
stellar-atmosphere code, SYNSPEC (Hubeny et al. 1994).
In Sect. 4, we show that the observed far-UV spectrum
can be reproduced if there are UV-bright post-HB stars
as well as HB stars in the entrance aperture to the HUT
spectrograph, or, more likely, if the relative proportion of
red HB stars increases in the core of M79. In addition,
we discuss how an enrichment in the surface abundance
of the metals due to radiative diffusion would affect the
far-UV spectrum. We find no evidence for errors in the
model atmospheres for these types of stars.
2. Observations
The ultraviolet spectrum of M79 obtained by HUT covers
the wavelength range from 900 to 1700 A˚ at a resolution
of 3 A˚. For more details about the HUT spectrograph and
telescope, see Davidsen et al. (1992). The spectrum was
reduced by DDDF and placed in the public archives. The
reduction included a subtraction of airglow emission and
absolute flux calibration. Following DDDF, we corrected
for interstellar extinction assuming E(B–V)=0.01 and us-
ing a standard extinction curve from Savage & Matthis
(1979).We did not correct for interstellar absorption in the
Lyman lines, since this absorption affects only the cores of
the lines, which are unusable because of imperfect airglow-
subtraction. Because of these uncertainties, we did not try
to fit the line cores of Ly α, Ly β, or Ly γ, or the O I lines
at λ1304, 1356 A˚.
According to DDDF, the HUT entrance aperture,
which measures 9” × 116”, crossed the center of the clus-
ter. Optical (Ferraro et al. 1992) and ultraviolet (Hill et
al. 1996) CMD’s have been constructed for M79. However,
neither one includes stars in the cluster core, because of
crowding problems. The optical CMD reaches in to 15”
from the center, while the UV CMD goes in only to 45”
from the center. Consequently, we have no direct knowl-
edge about the stars in the cluster core, which provide the
bulk of the observed flux measured by HUT. We therefore
make a preliminary working assumption that the outer
parts of the cluster are representative of the core. In Sect.
4, we will show that the UV spectrum of M79 can be
reproduced if this assumption is relaxed in the way sug-
gested by the observed radial trends of the HB population
in other centrally condensed globular clusters.
The total number of HB stars in M79 is estimated
by Ferraro et al. (1992) at 220 ± 10; of which 20 – 40
should be present in the HUT slit (DDDF). Individual UV
photometry for M79 has been obtained by the Ultraviolet
Imaging Telescope (UIT) and the International Ultravio-
let Explorer (IUE). UIT discovered two UV bright stars
(UIT 1 and UIT 2) which are not relevant to our work,
because they do not lie in the HUT slit. Star Hill 116 (Hill
et al. 1996), at a distance of 3′′ from the cluster center,
however, is present in the HUT slit. This star lies in the
center of the cluster and because of the crowding, it is
likely to be a blend (Hill et al. 1996). Through decompo-
sition of IUE data, Altner & Matilsky (1993) have also
inferred the presence of a UV bright star, Source 3 , close
to the center of light of M79. At this point, we cannot con-
vincingly conclude if Source 3 and Hill 116 are the same
source (Hill et al. 1996), or if Source 3 is another star (or
group of stars) lying at the edge of the HUT aperture. Al-
tner & Matilsky (1993) derived the following parameters
for Source 3: Teff = 13,000K, and log g = 3.3. Following
DDDF we will include Source 3 in the synthetic spectra
presented in Sect. 4.
3. Method
3.1. Stellar Evolutionary Tracks
We make use of new canonical stellar evolutionary tracks
computed with the input physics described by Sweigart
(1997). These tracks assume a scaled-solar metallicity of
log(Z/Z⊙) = − 1.53, which is consistent with the mean
metallicity of M79, [Fe/H]= −1.6 ± 0.2 (Ferraro et al.
1992). Fig. 1 shows these tracks in the HR diagram for
10 different masses between 0.500 M⊙ (blue HB (BHB)
stars which lost ∆M ∼ 0.3 M⊙ on the RGB) and 0.693
(red HB (RHB) stars which lost ∆M ∼ 0.1 M⊙ on the
RGB).
In order to compute the integrated far-UV spectrum,
we must know the stellar mass distribution along the HB.
We base our assumed mass distribution on the one de-
rived by DDDF from the Ferraro et al. (1992) CMD of
M79. This distribution is approximately Gaussian with a
peak at M = 0.6M⊙(ZAHB Teff = 10,000K) and a stan-
dard deviation σ = 0.05 M⊙. DDDF define their mass
distribution at an increment of 0.01 M⊙ in the HB mass
MHB (see their Fig. 4a).
We have slightly modified the DDDF mass distribution
to make it consistent with our updated evolutionary mod-
els, as follows. For each of their values of MHB we deter-
mine the mass M′HB of the corresponding model from our
computations which has the same ZAHB effective temper-
ature. A new HB track for M = M′HB is then interpolated
from the computed tracks shown in Fig. 1. This proce-
dure yields the set of 14 HB tracks that we have used to
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Fig. 1. HR diagram with the solid lines showing the evo-
lutionary tracks for the relatively slow HB phases and
the dots indicating the relatively fast Post-HB phases for
stars with masses respectively M = 0.500, 0.508, 0.513,
0.519, 0.531, 0.565 , 0.600, 0.630, 0.660, 0.693 M⊙, and
log(Z/Z⊙) = −1.53.
compute the integrated spectra. The masses of these in-
terpolated tracks together with their corresponding ZAHB
effective temperatures are given in columns (2) and (4) of
Table 1. The relative number of HB stars at each mass, as
taken from the mass distribution in Fig. 4a of DDDF, is
indicated by the quantity n in column (3).
Since the location of a star along its HB track is not
known a priori, we have decided to represent the contribu-
tion of the HB stars of a particular mass to the integrated
spectrum by averaging their spectra over the HB phase. To
do this, we first convert each HB track into a probability
diagram by dividing the HR diagram into cells of (∆ log g
, ∆ Teff) in the surface gravity and effective temperature.
Each cell i is assigned a weight equal to the time spent in
that particular cell ∆τi multiplied by the corresponding
bolometric luminosity Li. The weight thus provides the
contribution of each cell to the total flux emitted by stars
on that track. If the track is subdivided into n cells, the
average light, LM (λ) at the wavelength λ, emitted by a
star of mass M in the HB phase is given by:
LM (λ) =
1∑
n
i=1
∆τi
n∑
i=1
piFi(λ)Li∆τi
σT4
eff,i
(1)
where piFi(λ) is the monochromatic flux, and σT
4
eff,i is the
bolometric flux of cell i. The integrated light L(λ ) from
a stellar system with a mass distribution NM is then the
weighted sum of these contributions:
L(λ) =
∑
M NM LM (λ)∑
M NM
(2)
where NM is the number of HB stars with mass M , and∑
M NM is the total number of HB stars in the HUT slit.
The summation is taken over the range from 0.5001 M⊙
(ZAHB Teff ≃ 29,500 K) to 0.6639 M⊙ (ZAHB Teff ≃
8,000 K), as listed in Table 1. Table 1 also gives the time
averaged values of Teff , log g, and L along each track.
The probability diagrams cover the range in log g from
3.0 to 5.5 in steps of 0.5 dex and the range in Teff from
8,000 to 35,000 K. The step size in Teff depended on the
temperature as follows: ∆Teff = 500 K for 8,000 K≤ Teff ≤
13,000 K; 1,000 K for 13,000 K ≤ Teff ≤ 20,000 K; 2,500
K for 20,000 K ≤ Teff ≤ 30,000 K; and 5,000 K for 30,000
K ≤ Teff ≤ 35,000 K . Stars with Teff< 8,000 K do not
emit a significant amount of UV flux and therefore are not
included in the summation of Eq. (2). There are no HB
stars with Teff> 35,000 K (see later).
This predictive approach will not work for the post-HB
stars because there are so few of them. The HB lifetime is
≈100 Myr compared to a post-HB lifetime of 15-20 Myr ,
so by time-scale arguments, there should be only 3-6 post-
HB stars present in the HUT slit. Even though the post-
HB stars may be few in number, they cannot be ignored
because of their high luminosities - up to an order of mag-
nitude brighter than the HB stars (Fig. 1). Compounding
the problem is the fact that the post-HB phase is a tumul-
tuous time, in which a star traverses a large area of the
HR diagram as it undergoes numerous He flashes. Since it
is impossible to predict the most probable locations of the
post-HB stars, we let the observed HUT spectrum itself
guide our selection of candidate post-HB stars. That is,
we first model the contribution of the HB stars, which are
numerous enough that they can be treated in a statistical
fashion. We then use the residual between the observed
spectrum and the HB component to ascertain the proper-
ties of the remaining stars.
3.2. Model Spectra
We used Kurucz’ (1993) LTE model atmospheres for
logZ/Z⊙ = -1.5 and the spectrum synthesis code, SYN-
SPEC (Hubeny et al. 1994) to generate the theoreti-
cal spectra, piF (λ). In the spectrum synthesis, the metal
abundances were scaled to a logZ/Z⊙ = −1.53 with a 0.4
dex enhancement of α−process elements (O, Ne, Mg, Si,
S, Ca, and Ti) . A microturbulent velocity, vt = 2km/s
was adopted, consistent with the model atmosphere. The
line list includes all lines between measured energy levels
as well as all Fe II to Fe VII and Ni II to Ni VII lines be-
tween predicted energy levels (Kurucz 1994) - in all, about
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Fig. 2. Difference between NLTE and LTE model. The
solid line shows the NLTE model, the dashed line repre-
sents the LTE model
3.4 million lines in total between 900 A˚ and 1700 A˚. Natu-
ral, Stark and Van der Waals broadening were taken into
account for metal lines. For hydrogen, we used Schoen-
ing’s (priv. comm.) most recent Stark broadening tables.
The flux distribution was calculated every 0.01 A˚, and was
later degraded to 3 A˚ for comparison with HUT data, and
to 10 A˚ for comparison with the work of DDDF who used
Kurucz flux distributions.
DDDF suggest that there may be errors in the line-
broadening theory of the H Lyman lines. We investigated
this possibility by comparing profiles of Lyman lines com-
puted by Kurucz (1993), who used an outdated theory,
with our models which make use of more modern line-
broadening theory (Schoening, priv. comm.) and which
have been tested against observations of white dwarfs
(c.f. Lanz & Hubeny 1995).We find no significant differ-
ences between the two profiles, so we conclude that line-
broadening theory is not a likely source of error.
Another potential error is the assumption of local ther-
modynamic equilibrium (LTE) for the model atmosphere
and spectrum. We investigated this possibility for the case
of a post-HB star with the atmospheric parameters, Teff
= 9,700 K and log g = 2.75. Fig. 2 compares the flux
distribution of a LTE model (as would be computed by
Kurucz) and a model in which hydrogen and carbon are
allowed to be in NLTE in the spectrum synthesis. In the
NLTE model, Ly α is only slightly stronger than the LTE
model, but the C I λ1100 ionization edge is erased due to
NLTE over-ionization of C I. Similar effects are expected
Table 1. Assumed Characteristics of HB Stars
Panel Mass n ZAHB Teff 〈Teff〉 〈log g〉 〈L〉
a 0.5001 2 29532 29641 5.57 25.59
b 0.5093 4 24803 24246 5.21 26.64
c 0.5196 2 22085 21181 4,97 27.61
d 0.5295 8 20237 19109 4.79 28.48
e 0.5395 7 18778 17489 4.63 29.35
f 0.5493 12 17577 16188 4.49 30.25
g 0.5608 10 16337 14905 4.34 31.45
h 0.5735 11 15070 13680 4.17 33.04
i 0.5880 14 13689 12436 3.99 35.23
j 0.6037 13 12245 11209 3.79 37.93
k 0.6186 16 10953 10128 3.59 40.65
l 0.6334 13 9771 9153 3.40 43.30
m 0.6486 14 8695 8267 3.21 45.80
n 0.6639 14 7748 7502 3.03 48.05
for higher-gravity stars with similar effective temperatures
(Hubeny 1981), so that the computed spectrum may se-
riously underestimate the flux of HB stars in M79 in the
wavelength interval below 1100 A˚ . Other NLTE effects
are expected at very high temperatures (Teff ≥ 35,000 K),
which might be attained by some post-HB stars. However,
we find no evidence of stars hotter than the bluest HB
stars identified in the CMD of M79. The assumptions of
hydrostatic equilibrium and a plane-parallel geometry are
quite appropriate for HB stars, since mass-loss is unim-
portant in these stars.
Fig. 3 shows the flux contributed by HB stars of each
of the 14 different masses listed in Table 1. The scales of
the plots are the same for each stellar mass. The contribu-
tion of mass 0.6334M⊙ with a ZAHB Teff of about 10,000
K (which is close to the maximum of the mass distribu-
tion) is relatively small (panel l). Since this is the range
of effective temperatures most prone to NLTE effects in C
I, this shows that our neglecting of NLTE effects should
not lead to significant errors in the total integrated flux
in the vicinity of Ly α. In the spectral region near Ly α,
roughly 97% of the total integrated flux is produced by
models with a ZAHB Teff≥ 10,000 K; about 75% from
models with Teff= 14,000 - 20,000 K; and 60% from mod-
els with Teff= 16,000 - 25,000 K. As expected, Ly α in
the cooler (more massive) HB models is stronger than in
the hotter (less massive) models. At longer wavelengths
in the HUT spectrum, the contribution of cooler HB stars
becomes more important: e.g., stars with ZAHB Teff ≤
10,000 K contribute about 14% of the flux at 1600 A˚ as
compared to 3% at 1200 A˚.
4. Results
4.1. The HB component
Fig. 4 compares the observed spectrum of M79 with the
synthetic spectrum representing the contributions from
25 HB stars having the mass distribution given in Ta-
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Fig. 3. (a) - (n) Spectra for all masses that contribute to the integrated spectrum of HB stars. For each mass the
spectrum has been weighted according to the relative number of HB stars with that particular mass. In the upperpart
of each panel the ZAHB Teff is indicated. Plot (a) corresponds to the minimum mass (M1), plot (n) corresponds to
the maximum mass (Mmax). The masses for the 14 panels are given in Table 1. The Metallicity is log(Z/Z⊙) = −1.53,
α elements are enhanced by 0.4 dex. For convenience the spectra are binned to 10 A˚ resolution.
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ble 1 plus the UV-bright star Source 3 (Sect. 2). The
model spectrum gives a good fit to the observed flux level
shortward of Ly α (1216 A˚ ), but it seriously underesti-
mates the flux at longer wavelengths - a problem that
will be discussed in the next subsection. On the other
hand, there is generally good agreement between the simu-
lated and observed wings of Ly α line profiles. (We neglect
the Lyman line cores, since they are affected by airglow
emission; we also exclude Ly γ (972 A˚) from compari-
son, since it is blended with a strong C III line (977 A˚).
At longer wavelengths, we note that the C II λ1335 line
is too strong, which suggests that the assumed Carbon
abundance (scaled to log(Z/Z⊙) = −1.53) is too high.
Quite possibly, carbon has been depleted in favor of nitro-
gen if CNO-cycle processed material has been brought to
the stellar surface during the RGB phase (see, e.g., Kraft
1994). In addition, the predicted Silicon resonance lines
(Si I λ1560, 1562, Si II λ1260, 1265, 1304, 1309, 1526,
1533, and Si III λ1301, 1303) are also more prominent in
our synthesis than the observations, suggesting that the
assumed α-element enhancement of 0.4 dex is too high
or that diffusion in the hotter HB stars is affecting the
surface Si abundance.
4.2. Contributions to the long-wavelength flux
The outstanding discrepancy between our synthetic spec-
trum and the HUT spectrum is at longer wavelengths
(λ > 1280 A˚). This discrepancy could have a variety of
causes.
We investigate three possibilities: (1) the high flux at
longer wavelengths is due to one or more cool post-HB
stars, which have not yet been accounted for in our syn-
thesis, (2) the high flux at longer wavelengths is due to
a higher fraction of cool HB stars than is given in Table
1, and/or (3) the flux distribution is altered by high sur-
face abundances of iron and nickel, which preferentially
suppresses the short-wavelength flux.
4.2.1. Post-HB Stars
Since the post-HB lifetime is 15-20% of the HB lifetime, we
would expect about 5 post-HB stars to contribute to the
observed flux. Since they are up to an order of magnitude
brighter (Fig. 1) than stars on the HB, they can contribute
a larger share of the observed flux than their numbers
would suggest. We do know about one post-HB star in
the HUT slit: the Altner & Matilsky (1993) UV-bright star
located only 3” from the center of the cluster. However,
its temperature ( Teff≃ 13,000 K) is so similar to those of
HB stars contributing a large fraction of the far-UV flux
(panel i in Fig. 3), that it does not help to resolve the low
predicted flux at longer wavelengths. If it were omitted
in the synthesis, more HB stars would be needed, but it
would produce no net changes in the flux distribution, as
can be seen from Figs. 4 and 5.
Fig. 4. (a) The solid line shows the HUT spectrum
binned to a resolution of 3 A˚. The strange behav-
ior in the center of Ly α is a result of errors in the
airglow-subtraction. The data are flux-calibrated, airglow-
subtracted and dereddened with a Savage & Matthis ex-
tinction curve with E(B-V) = 0.01. The dashed line repre-
sents the synthetic spectrum. The spectrum includes the
standard Altner & Matilsky UV bright star of 13,000 K.
Furthermore 25 average HB stars were needed to match
the level of the HUT flux around 1100 A˚. The Metallic-
ity is log(Z/Z⊙) = −1.53, α elements are enhanced by
0.4 dex. (b) The solid line represents the (O-C) residue
of the HUT spectrum minus the synthetic spectrum. The
two straight, dashed lines indicate the typical error.
Taken at face value, the residual (observed – simu-
lated) spectrum shown in Fig. 4b (or Fig. 5b) resembles a
cool (Teff≃ 9,500 K) , luminous (L = 450 L⊙) star. Such
a star would correspond to a luminous post-HB star. As
shown in Fig. 6 , adding such a star works to resolve the
long-wavelength flux discrepancy. And since this post-HB
star has a low surface gravity (log g = 2.4) , it does not
affect the wings of Ly α, for which there already was good
agreement. HST observations of the core of M79 would
test for the existence of such a luminous, post-HB star.
4.2.2. Cool, massive HB Stars
The mass distribution listed in Table 1 was derived from
the CMD of stars at least 15′′ from the cluster center,
because of crowding problems. Therefore we have no direct
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Fig. 5. (a) The solid line shows the HUT data for M79.
The dashed line represents the synthetic spectrum. 33 av-
erage HB stars were needed to match the level of the HUT
flux around 1100 A˚. No UV bright stars are included.
The Metallicity is log(Z/Z⊙) = −1.53, α elements are
enhanced by 0.4 dex. (b) The solid line represents the
(O-C) residue of the HUT spectrum minus the synthetic
spectrum. The two straight, dashed lines indicate the typ-
ical error.
knowledge of the stars located close to the center which
make a substantial contribution to the observed spectrum.
Until now, we have assumed that the mass distribution
near the cluster center is the same as that in the outer
parts. However, there is observational evidence indicating
that the HB morphology may become redder within the
cores of such centrally condensed clusters as M79.
Battistini et al. (1985) have obtained observations on
the relative number of HB stars lying blueward and red-
ward of the gap at Teff ≈ 10,000 K in M15 (see also Buon-
nano et al. 1985). Their results suggest a radial trend with
the fraction of HB stars redder than the gap increasing
from 0.3 for 3′.5 < r < 8.0′ to ≈ 0.5 for 1′.9 < r < 3′.5.
Stetson (1991) has also found possible evidence for a de-
ficiency of the extended BHB stars in the core of M15.
Among the stars redward of the gap in M15, he also finds
that the ratio of stars redward of the instability strip com-
pared to those blueward of the instability strip increases
significantly towards the center. In the case of NGC6752
Buonanno et al. (1986) have reported that the relative
number of stars redward of the gap in this cluster com-
Fig. 6. (a) The solid line shows the HUT data for M79.
The dashed line represents the synthetic spectrum con-
taining about 20 average HB stars, the standard UV
bright star of 13,000 K and the extra UV bright star
(Teff = 9,500, log g = 2.4,L = 450L⊙). The Metallicity
is log(Z/Z⊙) = −1.53, α elements are enhanced by 0.4
dex. (b) The solid line represents the (O-C) residue of
the HUT spectrum minus the synthetic spectrum. The two
straight, dashed lines indicate the typical error.
pared to those blueward of the gap increases from 1:1 for
r > 4′.5 to 2:1 for r < 4′.5. We also mention the results of
Rose et al. (1987), who suggest that the HB is significantly
redder within the inner 10′′ of M30 based in part on the
integrated spectrum of the core of this cluster and in part
on the photometry of Cordoni & Auriere (1984). Evidence
for a radial gradient in the HB morphology has also been
found in the less centrally condensed cluster NGC6229,
where the red HB stars seem to be significantly more cen-
trally concentrated than the blue HB stars (Borissova et
al. 1997). We note that Ferraro et al. (1992) reported an
opposite trend for M79, i.e., a decrease in the number of
faint blue stars with increasing radius. However, these re-
sults only apply to radii > 60′′ which is outside the region
covered by the HUT entrance slit.
In view of these observational results, we have recom-
puted the integrated spectra for M79 with the number of
redder HB stars increased. We find that adding the follow-
ing stars produces a good fit to the flux distribution: 1 star
at ZAHB Teff ≃ 14,000 K (M = 0.5880M⊙) plus 2 stars at
Teff ≃ 12,000 K (0.6037 M⊙) plus 3 stars at Teff ≃ 11,000
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Fig. 7. (a) The solid line shows the HUT data for M79.
The dashed line represents the synthetic spectrum con-
taining: 18 average HB stars, the standard UV bright star
of 13,000 K and the 12 extra relatively cool HB stars. The
12 extra stars have masses with the following ZAHB Teff
values: 1 × Teff ≃ 14,000 K, 2 × Teff ≃ 12,000 K, 3 ×
Teff ≃ 11,000 K, & 6 × Teff ≃ 10,000 K. The Metallic-
ity is log(Z/Z⊙) = −1.53, α elements are enhanced by
0.4 dex. (b) The solid line represents the (O-C) residue
of the HUT spectrum minus the synthetic spectrum. The
two straight, dashed lines indicate the typical error.
K (0.6186 M⊙) plus 6 stars at Teff ≃ 10,000 K (0.6334
M⊙). The total number of average HB stars required to
reproduce the HUT spectrum now decreases to 18. The re-
sulting synthetic spectrum is presented in Fig. 7. Again, it
does not affect the wings of Ly α, for which there already
was good agreement. These twelve extra ’cool’ HB stars
imply a substantial change in the HB mass distribution
within the core of M79. Nevertheless, such a large popu-
lation of cooler HB stars within the core of M79 may be
the most likely explanation of the HUT far-UV spectrum.
4.2.3. Effect of Enhanced Metallicity
We also consider the effects of an enhanced metallicity
at the surface of the hot HB stars in M79. Recent abun-
dance analyses of HB stars have found evidence for en-
hanced metals suggestive of radiative diffusion (Glaspey
et al. 1989). Since there are many more metal lines be-
tween 900 A˚ and 1200 A˚ than between 1300 and 1700 A˚, a
higher metallicity would depress the short-wavelength flux
more than the long-wavelength flux – in effect, changing
Fig. 8. The solid line shows the Eddington flux for a model
for a metallicity log(Z/Z⊙) = −1.53. The dashed line rep-
resents the Eddington flux for a model for a metallicity
log(Z/Z⊙) = −1.0. Both models are enhanced in α ele-
ments by 0.4 dex. Both models are constructed from the
following spectra: Teff = 15,000, 16,000, 17,000 (log g =
4.5) & Teff = 18,000, 19,000, 20,000 (log g = 5.0).
the spectrum slope. To investigate this possibility, we cal-
culated a composite of 6 equally weighted spectra in the
Teff range 15,000 - 20,000 K for a metallicity log(Z/Z⊙) =
−1.0 and compared it to one with log(Z/Z⊙) = −1.5.
As displayed in Fig. 8, the spectrum for the model with
log(Z/Z⊙) = −1.0 has a flux level lower than the one
with the original metallicity, log(Z/Z⊙) = −1.5). There
is indeed a differential metallicity effect, but the effect is
small enough that it cannot be the sole explanation for
the discrepancy between the long-wavelength flux of the
synthetic and observed spectra of M79. A much larger
metallicity would be required to resolve this discrepancy.
We note in this regard that Glaspey et al. (1989) found
Fe to be overabundant by a factor of at least 50 in a hot
HB star in NGC6752.
To summarize, we can conclude that there are two pos-
sibilities to resolve the discrepancy from 1280 A˚ to 1700
A˚ in the synthetic spectrum. The option of extra ‘cool’
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HB stars is certainly possible, but it would imply that
the mass distribution of HB stars in the center of M79 is
quite different from that further out. On the other hand,
an additional UV-bright star (Teff= 9,500 K) provides a
simple solution to resolve the discrepancy but such a star
may not exist. A combination of these two options is, of
course, a possibility. In this case, the required luminos-
ity of the UV-bright star would be decreased with L=450
L⊙ then being an upper limit. Finally, we mention that
effects of radiative diffusion may change the photosheric
abundance pattern, and may help to obtain a closer agree-
ment with observations in either of the above suggested
options.
5. Discussion
The procedures described previously improve notably the
agreement at short and long wavelengths with the HUT
spectrum. A similar study was undertaken by DDDF. We
stress that our synthesis achieves a good fit to Ly α con-
trary to the DDDF results. DDDF found that model stel-
lar spectra fit directly to the HUT data would indicate
that the surface gravities of the HB stars in M79 were
much lower than predicted by canonical HB evolutionary
theory. They also referred to the work of Moehler et al.
(1995) who found that individual HB stars in M15 with
values of Teff lower than 20,000 K have values of log g
slightly lower (0.2 – 0.4 dex) than predicted by canonical
HB evolutionary theory. We point out that the resolution
of our synthetic spectra in ∆ log g is 0.5. Consequently,
our synthetic spectra are not sensitive to the shift towards
lower gravities observed among the BHB stars in a num-
ber of globular clusters and therefore do not conflict with
these observations. What is then the reason DDDF pre-
dict a Ly α profile significantly broader than observed by
HUT?
We suggest that the reason for this mismatch lies in
their synthesis method rather than in the HB evolution-
ary theory. Let us consider their Fig. 7, where open circles
are stars from the Gaussian model that best reproduce
the HUT spectrum, albeit a too broad Ly α profile. We
notice that there are no models present in the Teff range
between 16,000 and 28,000 K in this figure. However, the
Gaussian mass distribution that reproduces the observed
optical CMD does show masses distributed over the range
corresponding to stars with ZAHB Teff between 16,000
and 28,000 K! This means that there is an inconsistency
between the Gaussian Teff distribution that reproduces
the CMD and the distribution in ZAHB Teff that is ac-
tually used in calculating the best-fitting Gaussian far-
UV synthetic spectrum. As mentioned in Sect. 3.2, about
60% of the contribution to the total integrated flux in our
calculations is emitted by models between about 16,000
and about 25,000 K. A synthesis in which models from
this essential Teff range are not included will provide a
broader Ly α profile by overestimating the number of re-
quired cooler HB stars.
We conclude that the Gaussian model that reproduces
the optical CMD is consistent with the far-UV spectrum,
if there is a UV bright star or extra ‘cool’ HB stars in the
central region of the cluster. Extremely low gravities or
unreasonable metallicities are not required to reproduce
the far-UV spectrum, but a smaller amount of α-element
enhancement than is usually assumed seems necessary to
reproduce the observed far-UV Si lines. There is also an
indication for the presence of extreme BHB stars in the
center of M79, which agrees with the presence of some
extreme BHB stars that DDDF required to reproduce the
wavelength region shortward of Ly γ.
Matching the far-UV spectrum of the globular cluster
M79 with a model that is consistent with the observed
optical CMD increases our confidence in our current un-
derstanding of the late stages of low-mass star evolution,
as well as in our future ability to understand the integrated
spectra of distant stellar systems.
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